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ABSTRACT: 
Drexel University has competed in the Formula SAE competition for almost ten 
years with the support of the students who have designed and built racecars and all support 
systems. An extensive variety of engines including single cylinders, four cylinders, 
carbureted, fuel injected, forced induction, and naturally aspirated engines have been used in 
past years. Most recently a racecar based on the Honda CBR600F4i engine has been used. 
This engine has the following specifications: 600cc, four cylinders, fuel injection, and a dual 
overhead cam. The Drexel Formula SAE team tailors the engine to meet the rules of 
competition (See Appendix A: “Relevant Rules of Competition”). 
The four members of our team comprise the SAE Engine Optimization Team. We 
will design an intake and exhaust track with the specific goal of maximizing performance 
through the following three judged categories: static inspection and engineering design, solo 
performance trails, and high-performance track endurance. The racecars performance is 
dependant upon the safety, suspension, chassis, drive train, intake and exhaust systems. Our 
team will be focusing on the design, fabrication, and manufacturing of the intake and 
exhaust systems. 
The intake will be broken down into a three-part system: 1) throttle body, 2) plenum, 
and 3) intake runners. The exhaust will be considered as a two-part system consisting of: 1) 
exhaust headers, 2) silencer. We will pay careful attention to conform to the 2004 formula 
SAE rules, and hope to surpass competition in the solo performance trails and the high-
performance track endurance events. 
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BACKGROUND: 
Twenty years ago, a group of college professors got together with the SAE and 
proposed a design competition for students to compete in an automotive racing environment. 
The name of this competition was known as Mini Indy, and lives on today as Formula SAE. 
The competition has grown tremendously over the years. Over 150 different colleges and 
universities from around the world travel to Pontiac, Michigan to compete in the event every 
year. Like any type of road racing, the vehicles are continuously getting lighter, faster, and 
have better handling than ever before. The cars are built entirely by students who use their 
engineering aptitude to design every aspect of the car and/or implement parts that are readily 
available. The competition is observed by many automotive and transportation oriented 
professionals who are interested in finding fresh new talent. Many graduating seniors will 
find jobs in the automotive industry and racing at this event. 
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SPECIFICATIONS FOR DESIGN: 
Our senior design project will involve designing, building, testing, and documenting 
the most powerful and reliable engine management system for the 2004 Drexel Formula 
racecar. The engine management system involves all components from the engine’s air inlet 
starting at the air cleaner and ending at the silencer on the exhaust. To simplify our project 
and gain expertise in our particular areas, we subdivided the engine management system 
down into four groups: 1) Throttle Body and Air Cleaner, 2) Restrictor and Plenum, 3) 
Intake Runners, 4) Exhaust. Each group member is responsible for the design, fabrication, 
testing, and documentation of his perspective component. Our senior design group will work 
in conjunction with other senior design groups, and the FSAE team, to ensure the fuel 
injection’s fuel curves are properly selected to optimize horsepower production. 
The rules of the SAE competition set restrictions on air inlet diameter, a maximum 
decibel level, the fuel usage, and many other such features that must be considered in our 
effort to maximize horsepower. All components will be designed with the help of Virtual 
Four Stroke (a engine simulation program), lumped parameter fluid flow analyses, technical 
papers, and trial and error experimentation on the dynamometer. 
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1) Throttle Body and Air Cleaner 
The throttle body and air cleaner are anticipated to be housed at the top of the rear 
roll hoop over the driver’s head in an air scoop. This position will allow the air cleaner to be 
surrounded by an air scoop in which air will be trapped as the racecar moves forward 
creating a high-pressure environment. This stagnation region will have an associated high 
pressure (higher than in the filter housing and restrictor) and will thus push the ambient air 
through the filter and restrictor. This will increase the volume of air that is available to the 
engine. Also, mounting components in the top of the roll hoop this will raise the racecar’s 
center of gravity, so weight will be a major consideration in the design and the material 
selection of these components. Carbon fiber may be used in the fabrication of the air scoop 
due to its low weight and high tensile strength. The air scoop will be attached to the top of 
the roll hoop and be used to support the remainder of the intake system. The scoop will have 
to be designed so that the air cleaner and throttle body can be easily serviced. The scoop will 
be designed so that the inlet is smaller in area than any other cross section of the interior up 
to half way back. The inlet will be rolled inward to lower the chance that air that has entered 
will be able to find its way back out. This type of design is observed on the air inlet of any 
aircraft turbine or top fuel hood scoop. There also been many technical writings on the 
subject. 
The throttle body will be mounted at the rear of the air scoop, and must 
accommodate a quarter turn throttle position sensor (TPS) to send information to the fuel 
injection computer. The throttle body must be small enough to encourage quick throttle 
response, and good control at part throttle. However, the throttle body must also be large so 
that the high-pressure air generated by the air scoop is not negated, and that it does not 
shroud the restrictor at wide-open throttle. There are several design methodologies that 
would be acceptable for the throttle body, yet not all designs meet our requirements. One of 
the main concerns is the ease of placement of the TPS. A butterfly throttle, similar to what is 
found on most passenger vehicles, will easily accept a TPS. A butterfly throttle is simply a 
round inside bore where the air passes through which a flat throttle blade attached to a shaft 
through the center that goes from idle to wide open in a quarter turn. Throttle bodies of this 
design are available in many sizes, and are usually designed to accommodate a TPS. The 
6 
disadvantages to a butterfly throttle are: 1) difficulty in machining, 2) off-the-shelf units are 
not designed specific for our application. There are many other types of throttle bodies in 
use in industry, that we have been considering, but the butterfly throttle will most likely be 
selected because of its simplicity and reliability. 
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2) Restrictor and Plenum 
After the throttle body, air then travels through a restrictor, no wider than 20 mm in 
diameter. The stock 610cc four stroke engines that the FSAE competition allows have about 
near one hundred horsepower in stock trim on motorcycle. The competition rules do allow 
modification to the motor including turbo and supercharging. Such modifications could 
yield almost two hundred horsepower (double the stock unit). The FSAE promotes powerful 
engines, and gives a prize for maximum horsepower (which Drexel won with a turbocharged 
motor in 1998). The restrictor is used to limit engine power and protect drivers and 
spectators. The restrictor is described in section 3.5.4.3 of the 2004 FSAE rules: "In order to 
limit the power capability from the engine, a single circular restrictor must be placed in the 
intake system between the throttle and the engine and all engine air flow must pass through 
the restrictor. Any device that has the ability to throttle the engine downstream of the 
restrictor is prohibited. The maximum restrictor diameters are 20 mm for gasoline fueled 
cars." The airflow will thus be limited at full throttle; hence the design of the intake 
components is crucial for success and it is therefore desirable to limit the pressure drop 
across the restrictor. This is attained in one way by limiting the pressure drop across the 
restrictor. Power from the engine is used throughout different parts of the car and the less 
power used for air intake translates into more power available for acceleration. Appendix E 
depicts a cad drawing of a converging and diverging conical restrictor. 
The design of the restrictor is that of a converging-diverging nozzle in which the 
throat is 20 mm high. The air will have a high velocity (which is not choked) as it passes 
through the restrictor so it is advantageous to slow the air down before it empties into the 
plenum. This can be accomplished by varying the angle of the diffuser and the ratios of the 
exit area to the area of the throat. It is crucial that the flow be kept laminar due to wall losses 
incurred by turbulent flow. The restrictor can be made of many different materials, but the 
major factors that will determine material selection will include weight and strength. The 
restrictor will find be mounted lower than the throttle body, but above the racecars center of 
gravity. In previous years the team used stereo-lithography, donated by the Army Corp of 
Engineers. Other acceptable materials are aluminum and carbon fiber. 
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After the restrictor the air flows into the plenum where it will be dispersed into two 
of the four valves that lead into the cylinder head. The purpose of the plenum is to act as a 
reservoir so the cylinder heads will have sufficient airflow when needed. A common rule of 
thumb is the plenum area is about four times the area of the cylinders. The plenum will be 
attached to the intake runners, and the two will most likely be a single unit. Material 
selection for the runners and intake will most likely be aluminum. Due to cost and 
fabrication times of other materials, this is the best selection. With aluminum, we can build a 
couple intake/plenum arrangements and test them on the dynamometer to determine 
maximum horsepower. 
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3) Intake Runners 
For the intake runners, the diameters and lengths must be determined for maximum 
power output. We will test straight and curved pipes. The pipes will be parallel to one 
another and join a log-type plenum. Straight pipes rather than curved pipes are not expected 
to affect flow characteristics or harmonics. They will however reduce cost and be easier to 
fabricate and install than curved pipes. 
A materials study will be performed to determine which material will be most 
appropriate for the runners. Factors to consider include: cost, weight, appearance, strength 
and any material properties that may affect performance. 
The basic mechanism of increasing engine power is to provide high pressure at the 
intake valve so that mass flow rate into the cylinders is maximized at a given engine r.p.m. 
Changing length or diameter of the intake runners has a large impact on this pressure. 
Furthermore, it will be possible to manipulate this pressure peak to correspond with a 
desirable engine speed. 
Virtual 4-stroke will be to determine the optimal diameter and length values of the 
intake runners. Once optimal dimensions are determined they will be validated on the engine 
using a dynamometer. Multiple plenum/runner arrangements will also be tested. We may be 
able to build a test piece with adjustable length runners or other adjustable parameters. This 
is because actual results do not always match predicted results. We will use our dynometer 
and take advantage of its accurate metering abilities. Runner lengths will be optimized based 
on peak performance (HP and torque), fuel economy, cost, reliability and ease of 
manufacture. The dynamic effects for different events at competition (i.e. acceleration, skid 
pad, autocross, and endurance) must also be considered. 
The runners will also house the fuel injectors and will support a fuel supply rail. 
Injector placement is critical in atomization of the fuel air mixture. In a previous runner 
design, the injectors were placed high on the runners away from the cylinder head, and the 
fuel condensed and puddle up on the runner walls. This runner setup was abandoned due to 
terrible throttle response and inefficiency. The injectors will be placed close to the head and 
specific angels and placement will be evaluated and tested. 
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4) Exhaust 
As stated earlier the exhaust system is broken down into two components consisting 
of headers and a silencer canister. The headers objective is to facilitate the engine in pushing 
exhaust gases out of the cylinders. This is accomplished through decreasing the 
backpressure, which is exerted on the piston as it pushes out the exhaust gases. If you 
decrease the resistance on the piston during its exhaust stroke, less work will be needed to 
exhaust the gases, thereby increasing the power the engine produces. When the exhaust 
valve opens high pressure exhaust gas travels into a lower pressure region. If the cylinders 
all shared a common manifold, (low pressure region) exhaust gases from one cylinder would 
build up pressure in the manifold affecting the next cylinders use of the manifold. To 
prevent exhaust flow restrictions due to adjacent cylinders exhaust gases each cylinder will 
have lengths of pipe (headers) to allow the exhaust gases to expand into the atmosphere. As 
per Formula SAE 2003 rules section 3.5.5.3 (B) the maximum permitted sound level shall 
not exceed 110db through the procedure detailed in section 3.5.5.3 (A) of Appendix A. 
When a Honda CBR600F4i engine releases high-pressure gases at 9,500 rpm (determined 
below) it will exceed the 110db limit for the competition. 
Per Section 3.5.5.3 (A) of the 2003 Formula SAE Rules, the noise test speed "for a 
given engine will be the engine speed that corresponds to an average piston speed of 914.4 
m/min (3,000 ft/min) for that engine, rounded to the nearest 500 rpm." 
Calculated Test Speed = 914.4 x 1000 rpm 
2 x Stroke (mm) 
The stroke size for our Honda CBR 600 F1 is 48.0 mm, yielding a test rpm range of 9,525 
rpm rounded to 9,500 rpm. 
In order to conform to the rules a destructive interference will be created to cancel 
out the noise generated by the high pressure exhaust gas pulses. The destructive interference 
will take place with in the second component of the exhaust system, the silencer canister. 
Fabricating or purchasing a silencer canister for each exhaust pipe would be time consuming 
and expensive; therefore the four exhaust streams must be joined to form a single pipe for a 
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single silencer canister. Two of the engines cylinders exhaust gases will travel the same 
distance through their respective header pipes (to maintain similar thermodynamic states) 
and merge into a single larger pipe known as a collector. The other two cylinders exhaust 
gases will do the same and then the two larger pipes formed will enter another collector thus 
reducing the four exhaust streams into two then into one. Using a single four to one collector 
as apposed to the three two to one collectors described below will be considered. The main 
basis for a method to collecting the streams is based on how the collector(s) will orient the 
exhaust pipes through the chassis with out interfering with any of the racecars vitals. 
In the past a highly reflective surface (stainless steel) has been used to increase the 
exhaust flow through the header pipes. Due to the high cost of Stainless steel alternate 
materials have been researched and a cheaper solution with increased, if not equal, benefits 
has been formulated. 180-degree mandrel bent mild steel can be purchased at one third the 
cost of Stainless steel but lacks in its material properties. These bends can be cut and welded 
together to route the exhaust pipes through the chassis to the rear of the racecar. The Outlet 
we be no more than 60 cm (23.6") behind rear axle centerline or more than 60 cm (23.6") 
above the ground. Because the mild steel is not as reflective or resistive to thermal fatigue 
and corrosion as stainless steel the mild steel headers will be sent to JET-HOT for a ceramic 
coating. The ceramic coating will provide a barrier to conductive heat transfer; by not 
allowing the gas to loose energy through heat dissipation the exhaust gas’s flow rate will be 
increased. Furthermore, by sandwiching the mild steel between layers of ceramic the 
oxidation process of rusting will not occur. A ceramic-coated header system not only 
improves performance but also will conform to Formula SAE 2003 rules sections 3.5.5.2 
stating exhaust systems inside the vehicles wheelbase require heat shielding. Appendix E 
depicts an example of a Drexel Formula SAE designed exhaust header. Commercial over the 
shelf silencer canister are available for a relatively low cost considering the material costs, 
time and labor of fabrication, and the precision tuning needed to manufacture one. 
Prices range from $200 up to $1,000 depending upon the application and the time of 
the purchase. For our purpose a silencer canister can be delivered within 3 weeks, cost $200 
- $400 and need under a day to install. This allows more time to be dedicated towards the 
development of an original design, material research, comparisons of product reviews, and 
testing because an order for this component only needs to be sent out a month prior to 
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competition. Because the exhaust outlet cannot (according to section 3.5.5.2 of the Formula 
SAE rules) extend more than 60 cm (23.6 inches) behind the centerline of the rear axle, and 
shall be no more than 60 cm (23.6 inches) above the ground, an oval cross section canister 
will be purchased and then rotated 90 degrees so the maximum diameter is parallel to the 
ground. The oval shapes thinner cross in the vertical plane will yield more options for its 
placement between chassis supports and racecar vitals. 
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MARKET STUDY: 
Each member of our group is responsible for the individual deliverables described 
above. As opposed to being mass-produced for sale to consumers these deliverables will be 
fabricated or bought from respected suppliers and solely used on Drexel’s Formula SAE 
racecar. With no target market to supply a market study was inapplicable. 
ENVIRONMENTAL IMPACT: 
Internal combustion engines have been a popular form of transportation since the 
model T ford. With mass production of internal combustion engines flourishing harmful 
exhaust gases are released into the atmosphere daily. Our small displacement CBR600f4i 
engine will produce a negligible amount of pollution in comparison with the daily usage of 
internal combustion engines, thus negating our need for an in-depth environmental impact 
study. 
ECONOMIC ANALYSIS: 
Building a Formula SAE racecar demonstrates to engineers in a very profound way 
in which engineering involves not only creativity, but also money management. The intake 
and exhaust systems design considerations will be based on cost verses efficiency. The 
intake side will be completely hand made from common parts and possibly an off the shelf 
throttle body. The restrictor and air scoop will be made of carbon fiber, while the intake 
runners and plenum will most likely be formed from aluminum. The total for the intake 
system not including the throttle body should be about $500 dollars. This total includes: 
aluminum, carbon fiber, molding materials, resin, welding supplies, sealing materials, nuts, 
bolts, and other supplies. The throttle body could cost between $30 and $300 depending on 
if it is hand made or bought from a supplier. The exhaust system consists of two parts, the 
silencer and the header. The silencer will be bought from a supplier for less than $350. The 
header will be hand made and should cost between $400 and $600. With all the system 
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components taken into consideration, and the given prices expenses summarized, the entire 
system should be built, tested and optimized for less than $1,300. 
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APPENDIX A: 
RELEVANT RULE OF COMPETITION 
3.5 POWERTRAIN 
3.5.1 Engine and Drivetrain 
3.5.1.1 Engine Limitations 
The engine used to power the car must be a four-stroke piston 
engine with a displacement not exceeding 610 cc per cycle. The 
engine can be modified within the restrictions of the rules. If more 
than one engine is used, the total displacement can not exceed 610 
cc and the air for all engines must pass through a single air intake 
restrictor (see 3.5.4.3, “Intake System Restrictor.”) 
3.5.1.2 Engine Inspection 
The organizer will measure or tear down a substantial number of 
engines to confirm conformance to the rules. The initial 
measurement will be made externally with a measurement 
accuracy of one (1) percent. When installed to and coaxially with 
spark plug hole, the measurement tool has dimensions of 381 mm 
(15 inches) long and 30 mm (1.2 inches) diameter. Teams may 
choose to design in access space for this tool above each spark 
plug hole to reduce time should their vehicle be inspected. 
3.5.1.3 Transmission and Drive 
Any transmission and drivetrain may be used. 
3.5.1.4 Drive Train Shields and Guards 
Exposed high-speed equipment, such as torque converters, 
clutches, belt drives and clutch drive, must be fitted with scatter 
shields to protect drivers, bystanders, fuel lines and safety 
equipment (such as brake lines) from flying debris in case of 
failure. Scatter shields protecting chains or belts must not be 
made of perforated material. 
(A) Chain drive - Scatter shields protecting chains must be made 
of at least 2.66 mm (0.105 inch) mild steel (no alternatives are 
allowed), and have a minimum width equal to three (3) times the 
width of the chain. 
(B) Belt drive - Scatter shields protecting belts must be made 
from at least 3.0 mm (0.120 inch) Aluminum Alloy 6061-T6, and 
have a minimum width that is equal to the belt width plus 35% on 
each side of the belt (1.7 times the width of the belt). 
(C) Attachment Fasteners - All fasteners attaching scatter 
shields and guards must be a minimum 6mm grade M8.8 (1/4 inch 
SAE grade 5). Attached shields and guards must be mounted so 
that they remain laterally aligned with the chain or belt under all 
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conditions. 
(D) Finger Protection – Guards for finger protection may be 
made of lighter material. 
3.5.1.5 System Sealing 
The engine and transmission must be sealed to prevent leakage. In 
addition, separate catch cans must be employed to retain fluids 
from any vents for the coolant system or the crankcase or engine 
lubrication system. Each can must have a volume of ten (10) 
percent of the fluid being contained or 0.9 liter (one U.S. quart), 
whichever is greater. Any crankcase or engine lubrication system 
vent lines routed to the intake system must be connected upstream 
of the intake system restrictor. 
3.5.1.6 Coolant Fluid Limitations 
Water-cooled engines must only use plain water, or water with 
cooling system rust and corrosion inhibitor at no more than .015 
liters per liter of plain water. Glycol-based antifreeze or water 
pump lubricants of any kind are strictly prohibited. 
3.5.1.7 Starter 
Each car must be equipped with an on-board starter, and be able 
to start without any outside assistance at any time during the 
competition. 
3.5.2 Fuel Allowed 
During all performance events, the cars must be operated with fuel 
provided by the organizer at the event. Nothing may be added to the 
provided fuels. This prohibition includes nitrous oxide or any other 
oxidizing agents. 
For Formula SAE (the event held in the USA), these fuels will include 94 
and 100 octane unleaded gasoline, and E85. Fuel specifications will be 
released to the SAE website in mid-January. For Formula Student and 
Formula SAE-Australasia, consult the supplementary regulations for the 
specific event. 
3.5.2.1 Fuel Temperature Changes - Prohibited 
The temperature of fuel introduced into the fuel system may not 
be changed with the intent to improve calculated fuel economy. 
3.5.2.2 Fuel Additives - Prohibited 
No agents other than fuel (gasoline or E85), and air may be 
induced into the combustion chamber. Non-adherence to this rule 
will be reason for disqualification. Officials have the right to 
inspect the oil. 
3.5.3.8 High Pressure System Requirements 
(A) Fuel Lines – High pressure over 103.4 kPa (15 psi) fuel 
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systems must utilize protected hose (metal braided or some other 
abrasion resistant shielding) with either threaded fittings or 
modern OEM type fittings used without modifications to either 
the hose or the fitting. A hose clamp(s) over a removable line of 
any type is not permitted on a high pressure fuel line(s). 
(B) Fuel Rail – The fuel rail on a fuel injection system must be 
securely attached to the engine cylinder block, cylinder head, or 
intake manifold with mechanical fasteners. This precludes the use 
of hose clamps, plastic ties, or safety wire. 
(C) Intake Manifold – On engines with fuel injection, the intake 
manifold must be securely attached to the engine block or 
cylinder head. 
3.5.3.9 Fuel System Location Requirements 
In order to prevent hazards in the case of a roll-over or collision, 
all parts of the fuel storage and supply system, and all parts of the 
engine air and fuel control systems (including the throttle or 
carburetor, and the complete air intake system, including the air 
cleaner and any air boxes) must lie within the surface defined by 
the top of the roll bar and the outside edge of the four tires (see 
figure 7). 
All fuel tanks must lie within the major structure of the chassis as 
defined in 3.3.1. 
All fuel tanks must be protected from side impact collisions. 
Any fuel tank which is located outside the Side Impact Protection 
required by 3.3.8, must be protected by the same rules outlined for 
Side Impact Protection 3.3.8. A firewall shall also be 
incorporated to protect the driver, per section 3.4.10.1. 
Figure 7 
3.5.4 Throttle, Throttle Actuation and Intake Restrictor 
3.5.4.1 Carburetor/Throttle Body - Required 
The car must be equipped with a carburetor or throttle body. The 
carburetor or throttle body may be of any size or design. 
3.5.4.2 Throttle Actuation 
The throttle must be actuated mechanically, i.e. via a cable or a 
rod system. The use of electronic throttle control (ETC) or 
“drive-by-wire” is not permitted. 
The throttle cable or rod must have smooth operation, and must 
not have the possibility of binding or sticking. The throttle 
actuation system must use at least two (2) return springs, so that 
the failure of any component of the throttle system will not 
prevent the throttle returning to the closed position. Throttle 
cables must be at least 50.8 mm (2 inches) from any exhaust 
system component and out of the exhaust stream. The use of a 
push-pull type throttle cable with a throttle pedal that is capable of 
forcing the throttle closed (e.g. toe strap) is recommended. 
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A positive pedal stop must be incorporated on the throttle pedal to 
prevent over stressing the throttle cable or actuation system. 
3.5.4.3 Intake System Restrictor 
In order to limit the power capability from the engine, a single 
circular restrictor must be placed in the intake system between the 
throttle and the engine and all engine airflow must pass through 
the restrictor. Any device that has the ability to throttle the engine 
downstream of the restrictor is prohibited. 
The maximum restrictor diameters are: 
Gasoline fueled cars - 20.0 mm (0.7874 inch) 
E-85Fueled cars – 19.0 mm (0.7480 inch) 
The restrictor must be located to facilitate measurement during the 
inspection process. The circular restricting cross section may 
NOT be movable or flexible in any way, e.g. the restrictor may 
not be part of the movable portion of a barrel throttle body. 
If more than one engine is used, the intake air for all engines must 
pass through the one restrictor. 
3.5.4.4 Turbochargers & Superchargers 
Turbochargers or superchargers are allowed if the competition 
team designs the application. Engines that have been designed for 
and originally come equipped with a turbocharger are not allowed 
to compete with the turbo installed. The restrictor must be placed 
upstream of the compressor but after the carburetor or throttle 
valve. Thus, the only sequence allowed is throttle, restrictor, 
compressor, engine. Only ambient air may be used to cool an 
intercooler. 
3.5.5 Muffler and Exhaust System 
3.5.5.1 Muffler Required 
The car must be equipped with a muffler in the exhaust system to 
reduce the noise to an acceptable level. 
3.5.5.2 Exhaust Outlet 
-The exhaust must be routed so that the driver is not subjected to 
fumes at any speed considering the draft of the car. 
-The exhaust outlet(s) shall not extend more than 60 cm (23.6 
inches) behind the centerline of the rear axle, and shall be no more 
than 60 cm (23.6 inches) above the ground. 
- Any exhaust components (headers, mufflers, etc.) that protrude 
from the side of the body between the front and rear axles must be 
shielded to prevent contact by persons approaching the car or a 
driver exiting the car. 
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3.5.5.3 Noise 
(A) Sound Measuring Procedure 
All cars must pass the sound test before competing in any 
dynamic event. The sound level will be measured during a static 
test. Measurements will be made at 0.5 m from the end of the 
exhaust outlet with the microphone at the exhaust outlet level, at 
an angle of 45 degrees with the outlet in the horizontal plane. 
Where more than one exhaust outlet is present, the test will be 
repeated for each exhaust and the highest reading will be used. 
The test shall be run with the gearbox in neutral. The test rpm for 
a given engine will be the engine speed that corresponds to an 
average piston speed of 914.4 m/ min (3,000 ft/min) for that 
engine, rounded to the nearest 500 rpm. The test rpm's will be 
published by the organizers. 
(B) Maximum Sound Level 
The maximum permitted sound level shall not exceed 110 dBA, 
fast weighting. 
(C) Sound Level Re-testing 
At the option of the judges, noise can be measured at any time 
during the competition. If a car fails the noise test, it will be 
withheld from the competition until it has been modified and re-passes 
the noise test. 
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APPENDIX C 
FINANCIAL WORKSHEET 
System 
Component 
Air Scoop/ 
Restrictor 
Throttle Body 
(hand made) 
Plenum 
Intake Runners 
Exhaust Header 
Exhaust Silencer 
Supplier Part 
Part for Purchase Supplier Number Size 
Carbon Fiber 
Resin 
Molding Materials 
Aluminum (Body) 
Delrin 
Aluminum Tooling 
Plate 
Aluminum Tooling 
Plate 
Aluminum Round 
Tube 
Mild Steel Pre-Bent 
Tubing 
Mild Steel 2 into 1 
Junctions 
Exhaust Silencer 
S&G 
S&G 
S&G 
Fazzio's 
Mc Master- Carr 
Mc Master- Carr 
Mc Master- Carr 
Burns' Stainless 
Headers-By-Ed 
Headers-By-Ed 
Vance and 
Hines 
Qty 
3 yds. 
1 gal 
bulk 
Alum. 
4 
10 
3 
1 
Price 
Each 
$30/yd 
$50/gal 
$1.5/lb 
$50 
$50 
$18 
$12 
$30 
$350 
Total Expected 
Expences 
Total 
Price 
$90 
$50 
$30 
$15 
$15 
$50 
$50 
$72 
$120 
$90 
$350 
$932 
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APPENDIX D 
TASK TREE 
_c 
Air Collector & Throttle Body 
Scott Wyeth 
Maximize performance for a 
Honda CBR600F4i Engine 
I X 
Restrictor & Plenum 
Sean Lamplugh 
T 
Intake Runners 
Vince Yanni 
1 
Exhaust Headers 
Thomas Mello 
23 
APPENDIX E 
IMAGES 
Figure 1 - Exhaust Headers 
Figure 2 - Converging and Diverging Restrictor 
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